ABSTRACT. An in vitro evidence of IgE-mediated hypersensitivity to food allergens was detected by positive results of antigen-specific histamine release in dogs with food hypersensitivity. Eight dogs were diagnosed to have food hypersensitivity based on identification of offending food allergens with food elimination followed by oral food provocation. The percentages of histamine release against the stimulation of offending food allergens in the cases ranged from 2.1% to 70.9%. Six of the 8 cases showed histamine release higher than those of healthy control dogs. Four dogs showed relatively high histamine release at the percentage beyond 10% that was co mpatible with a positive value of histamine release in humans with food hypersensitivity. These findings would suggest that IgE-mediated hypersensitivity against food allergens could be involved in canine food hypersensitivity. KEY WORDS: antigen-specific histamine release, canine, food hypersensitivity.
Food hypersensitivity in dogs is one of allergic diseases provoked by exposure to food allergens through gastrointestinal tracts, resulting in manifestation of various clinical signs such as vomiting, diarrhea, and pruritic skin disease. In canine food hypersensitivity, it was reported that positive reactions to food allergens were identified by intradermal testing and antigen-specific serum IgE testing, suggesting that IgE-mediated hypersensitivity might be involved in the pathogenesis of food hypersensitivity in dogs [3] . In humans, the measurement of histamine release specific for food antigens is considered to be one of useful tests for diagnosis of food hypersensitivity associated with IgE-mediated reactions to food allergens [7, 8] . Rates of histamine release from peripheral basophils were significantly higher in human patients with food hypersensitivity than that in the healthy control group [9] . In dogs, levels of antigen-specific histamine release were found to increase in atopic dogs sensitive to antigens of Japanese cedar pollen [6] and house dust mites [2] . Therefore, it would be a great interest that antigen-specific histamine release could be measured in dogs with food hypersensitivity.
Eight dogs were suspected to have food hypersensitivity based on clinical signs aggravated with food intake. Three cases (cases 1 to 3) showed vomiting and/or diarrhea, whereas 5 cases (cases 4 to 8) manifested pruritic skin disorder (Table 1) . For the cases with gastrointestinal signs, the other gastrointestinal diseases were ruled out by fecal, radiographic, and ultrasonographic examinations except for inflammatory bowel disease. Inflammatory bowel disease was excluded by food elimination and provocation tests described below. The 5 dogs with pruritic skin disorder showed erythema, otitis externa, seborrhea, angioedema, urticaria, papular eruptions, and recurrent pyoderma. The other pruritic skin diseases such as parasitic infestation and fungal or bacterial infection were excluded by routine dermatological examinations except for atopic dermatitis. The differential diagnosis of food hypersensitivity from atopic dermatitis was made by the food elimination and provocation.
The elimination diets used in this study were several kinds of Hill's prescription diets (Hill's Pet Products, Topeka, KS, U.S.A.) and homemade diet. An optimal diet in each case was selected depending on the clinical histories (cases 1 and 2, Hill's prescription diet canine d/d duck & rice; cases 3 and 8, Hill's prescription diet canine d/d lamb & rice; case 4, Hill's prescription diet canine z/d ULTRA allergen-free; cases 5, 6, and 7, potato-based homemade diet). These elimination diets were fed for 3 to 8 weeks until the clinical signs were completely disappeared in all the dogs. The dogs were then orally exposed to each food ingredient such as beef, chicken, milk, egg, rice, wheat, corn, cod and tuna during food provocation tests. Each food ingredient was fed for 7 days with gradual increase of dosage from approximately 10 to 120 g. The dogs were diagnosed to have food hypersensitivity at the time when the clinical signs were relapsed during food provocation tests. Food provocation tests were discontinued immediately after the relapse of clinical signs. Food ingredients inducing the clinical signs during oral food provocation tests were considered to be offending food allergens in the dogs ( Table 1) .
As a healthy control group, 4 castrated male Labrador Retrievers with the mean age of 9 years were used. The control dogs were fed with 9 kinds of food ingredients (beef, chicken, milk, egg, rice, wheat, corn, cod, and tuna) by turns. Each food ingredient was fed as indicated for the cases and all the dogs did not show any clinical signs during the provocation tests. Table 2 ). Cases 1, 2, and 3 showed positive results for serum IgE directed to the antigen of beef. Case 4 showed IgE specific for the antigens of house dust mites and storage mite. In case 8, increased levels of IgE specific for the antigens of wheat and Japanese cedar pollen were found. There were no positive antigens in the IgE testing in cases 3, 5, 6, and 7. Although the rice antigen was found to be offending food allergen with food provocation test after food elimination, the system for IgE testing in this study was not available for measurement of IgE against rice antigen. In serum from all the control dogs, values of antigen-specific IgE against all the kinds of food ingredients were under the detectable level in the assay system. Intradermal testing was performed using the method previously established [5] . Briefly, crude extracts of 29 kinds of antigens including 9 foods (beef, chicken, egg, milk, cod, tuna, rice, wheat and corn) were purchased from a commercial laboratory (Greer Laboratories, Lenoir, NC, U.S.A.) except for the extract of Japanese cedar pollen which was prepared as reported previously [11] . Each antigen extract was diluted with isotonic saline solution to the final concentration of 50 ng/ml. Histamine solution (0.0275 mg/ml) and 0.9% saline solution were used as the positive and negative controls, respectively. Administration of corticosteroids and antihistamines was discontinued for more than one week before the intradermal testing. After the dogs were sedated with intramuscular injection of medetomidine hydrochloride (Domitor, Orion Corporation, Espoo, Finland) (0.02 mg/kg) and midazolam (Dormicum, Yamanouchi, Tokyo, Japan) (0.3 mg/kg), 0.05 ml of each allergen solution was intradermally injected by one clinician into the clipped skin of the ventro-lateral thorax, using a skin test syringe with a 26-gauge needle. The diameters of wheals were measured 15 to 20 min after the injection, and a reactive wheal was graded on the basis of size as follows: +++, equal to or greater than the diameter of the positive control; ++, equal to or greater than the mean diameters of the positive and negative controls; +, larger than the diameter of the negative control but smaller than the mean of the positive and negative controls; -, equal to or smaller than the diameter of the negative control. Strong reactions estimated as +++ were found in 3 of the 8 dogs (cases 1 and 2 against beef, case 8 against wheat) ( Table 2) . A moderate reaction (++) was observed in case 5 against rice that was identified to be the offending food antigen with the provocation test. In case 6, there was a weak reaction (+) in intradermal testing against rice antigen which was found to be an offending food allergen with the provocation test. A moderate interdermal reaction to egg antigen was also found in case 6, however, the egg was not reactive in the provocation test. No reactive wheal was observed against all the antigens tested in the intradermal testing in cases 3, 4, and 7. There were no positive reactions in the control dogs except for 1 dog showing a moderate reaction against milk. After the offending food allergens were identified by the oral food provocation test, antigen-specific histamine release test against the allergens was performed in the 8 dogs, according to the method previously described [6] . The healthy dogs were also used for a control of the assay. Heparinized peripheral blood samples were collected from the control dogs and the cases at the relapse of clinical signs during the food provocation, and then mixed with one fourth volume of PBS containing 5% dextran, and incubated at room temperature for 60 min. The leukocyte fraction containing basophils was collected and washed with 0.03 M Tris-HCl containing 0.03% fetal bovine serum and 1 mM EDTA, and finally suspended in Dulbbecco's Modified Eagle's Medium at a cell count of 1 to 3 × 10 7 /ml. The leukocyte suspension (450 µl of each sample) was mixed with selected antigens of offending foods (cases 1, 2, 3 and 4, beef; cases 5, 6 and 7, rice; case 8, wheat; 4 control dogs, beef, rice and wheat) at the final concentration of 10 ng/ml. The cell suspension was incubated at 37°C for 60 min under gentle shaking. The leukocyte suspension was also incubated without exposure to antigens to assess the amount of naturally released histamine in each case. The samples of the supernatants from these cultures were stored at -80°C for a subsequent assay of the amount of released histamine. The total count of histamine content in 450 µl of the cell suspension was obtained after cell lysis by hypotonic shock with distilled water, freezing at -80°C, and thawing at 80°C for 5 min. After centrifugation at 300 g for 5 min, the supernatant was stored at -80°C until assay for the histamine content measurement.
The amount of histamine released in the stimulated sample and naturally released from leukocyte fraction was measured by competitive radio-immunoassay with a histamine assay kit (Immunotech International, Marseilles, France). To acylate histamine, 1 mg of succinyl glycinamide Nhydroxysuccinimide ester, 25 µl of acylation buffer including 2.1 µg of sodium borate, and 500 ng of boric acid were added to 100 µl of the cell suspension. The 50 µl of the acylated samples was added into the tubes coated with anti-acylated-histamine monoclonal antibody. The samples were incubated at 4°C for 16 hr after mixing with the solution containing 125 I-acylated-histamine (1.3 kBq/tube). The solution in the tubes was aspirated completely except that in the tube for a total amount of histamine. The radioactivity of 125 I-acylated-histamine binding to the monoclonal antibody in the tubes was measured by an auto well gamma system (ARC-300, Aloka, Tokyo, Japan). The histamine content in the samples was obtained from the standard curve prepared from various concentrations (0 to 150 nM) of standard histamine. After the amount of histamine released without stimulation was subtracted from that released after stimulation, antigen-specific histamine release was expressed as a percentage of the total amount of histamine content in the leukocyte fraction.
Antigen-specific histamine release rate =(released histamine in stimulated sample-naturally released histamine) /(total histamine in the leukocyte fraction-naturally released histamine)
The percentages of histamine release in the cases ranged from 2.1% to 70.9% (Table 2) , while the control dogs showed -4.3 to 3.5% of histamine release against stimulation of the food antigens. Six of the 8 cases showed histamine release higher than those of the control dogs. Comparing the number of cases with positive results between histamine release and intradermal testing, 4 of the 6 cases (cases 1, 2, 5, and 7) showed relatively high percentages of histamine release over 10%, which was previously recognized as a positive value in humans [7] , while the intrademal testing showed the strong positive response (+++) against the offending food antigens in only 3 cases (Table 2 ). In human food hypersensitivity, antigen-specific histamine release test was known to show the higher agreement of positive results with oral food provocation test than those of antigen-specific IgE test and skin test, suggesting that the histamine release test would be more accurate to detect IgE-mediated responses to offending food allergens [4] . Likewise, from the data in this study, antigen-specific histamine release test will be the more useful than intradermal testing in terms of identification of IgE-mediated reactions to food allergens in dogs with food hypersensitivity.
Pathogenesis of canine food hypersensitivity has not been fully elucidated. In a previous report, based on positive results of intradermal testing and antigen-specific IgE testing against food allergens in dogs with food hypersensitivity, it was considered that IgE-mediated hypersensitivity might be at least involved in the pathogenesis of food hypersensitivity [3] . In this study, high percentages of antigenspecific histamine release against food antigens were obtained in 4 (50%) of the 8 dogs with food hypersensitivity. These in vitro data would also support the fact that IgEmediated hypersensitivity against food allergens might be involved in the pathogenesis of canine food hypersensitivity in a population of affected dogs.
Agreement of results between histamine release and intradermal testing can be expected, however, in this study, disagreement between the results of both tests could be observed (Table 2) . For instance, case 7 showed the positive response against rice antigen in the histamine release at a high percentage of 16.7%, but not in the intradermal testing. In case 8, intradermal testing showed a strong positive reaction to wheat antigen, although the low percentage of histamine release (5.3%) was found against the antigen. Mechanism of allergy would be very much complex so that different results among the various allergy tests could be obtained, depending on the status of allergic reaction. Histamine release is considered to reflect IgE-mediated responses to allergens in vitro, while intradermal testing will show in vivo reactions of IgE-mediated responses to allergens. Therefore, using these in vitro and in vivo tests, it will be important to investigate allergic reactions from the different points of view.
Food provocation test is considered to be a gold standard to identify food allergens causing symptoms of food hypersensitivity in dogs [3] . Intradermal testing was sensitive to find environmental allergens in atopic dogs [5] , however, in canine food hypersensitivity, the test was less useful to identify food allergens than in atopic dogs [3] . In canine food hypersensitivity, gastrointestinal mucosa was reactive to food antigens in the gastroscopic food sensitivity testing, resulting in immediate formation of wheals at the sites of antigen injection [12] . Food hypersensitivity in dogs might be caused by allergic responses to food antigens in the regions such as gastrointestinal mucosa without involvement of systemic responses such as increased levels of IgE specific to food antigens and positive responses in intradermal testing against food antigens. The exact explanation for this phenomenon has not been carried out yet, however, it would be reasonable to think that sensitization to food allergens in gastrointestinal mucosa might be established in situ without inducing those systemic responses.
In conclusion, histamine release against food antigens could occur in dogs with food hypersensitivity. The release test will be applicable to identify offending food allergens as one of in vitro evidences for IgE-mediated hypersensitivity against foods.
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